The urinary amino acid profiles of 79 young women and 72 young men were studied with an automated highpressure amino acid analyzer.A nonparametric statistical analysiswas appliedfordetectingprofile differences related to sex and other variables. A strong sex-related pattern was confirmed and its power for sex determination was evaluated. For the women, profile differences related to the use of oral contraceptives were also diecovered and evaluated. No correlation with the menstrual cycle was detected. 
Body fluids contain much information on an individual's genetic character, metabolism, state of health, nutrition, and environment.
We are trying to decipher part of this information by analyzing as many body-fluid constituents as possible with gas chromatography, liquid chromatography (particularly amino acid analysis), and mass spectrometry (1) (2) (3) .
The ultimate goal is the development of a method of early diagnosis, applicable to large populations, by detecting patterns specific to a particular state of health.
The great amount of data generated in such a study requires a full automation of the analytical machines and the computerization of the data acquisition and processing. For each person, we determine a "profile" (i.e., a set of data) for one or more classes of substances, according to the way the sample is prepared and analyzed. We then apply a simple patternrecognition procedure to compare the profiles of individuals with the average profiles of populations that are in different states of health. In this way, each diagnosed subject can be assigned to one of these populations with a calculated degree of reliability. For example, a study of the urinary amino acid excretion of control subjects and of patients with multiple sclerosis showed strong pattern differences Furthermore, a sex-related pattern was detected in each population.
To confirm this last point we designed an experiment with a more homogeneous population (176 students of Stanford University). We investigated the urinary amino-acid profiles for sex-re- lunch the day before the sampling. Smoking and intake of drugs other than birth-control pills were forbidden, and only water was consumed. The students were requested to void and discard the night urine in the morning preceding the sampling and to collect a 50-ml sample just before lunch. The samples were immediately frozen and stored at -76 #{176}C without other treatment.
General information was obtained from the participants about possible deviations from the fasting and sampling procedures, age, weight, height, previous serious illnesses, current allergies and diseases, medications, and, in the case of the women, the current day in their menstrual cycle.
Analytical

Method
The urinary amino acids were analyzed with a fully automated Durrum D-500 analyzer (Durrum Instrument Corp., Palo Alto, Calif. 94303), with use of a single capillary column under high pressure with a sodium citrate buffer system including four buffers and three temperatures.
Each analysis, including column regeneration, required 4 h. The urine samples were deproteinized before analysis according to the procedure recommended by the Durrum Corp.: 30 il of sulfosalicylic acid (300 g/liter) was added to 300 tl of urine, and the sample was stirred for 5 mm and centrifuged (15 mm, 14 000 X g). The supernate (150 il) was then adjusted to pH 2.0-2.2 with 10 l of NaOH (40 g/liter) and centrifuged (10 mm, 14 000 X g), and 40 il was applied to the column. Most chromatograms showed 90 to 100 peaks and shoulders, as illustrated in Figure 1 . A standard mixture of 45 amino acids and a urine sample of a large control batch were analyzed regularly to help identify the and six were excluded because of over-dilution of the specimen. These six samples showed fewer than 60 peaks and shoulders, and we decided not to reanalyze a larger sample.
Of the remaining subjects, 79 were women and 72 men.
A baseline was first subtracted from each chromatogram.
After this correction, the chromatograms were smoothed as described in ref. 4 where and i, represent the standard deviation and the mean, respectively, of the ith peak for the entire population.
We first divided the peak areas of each chromatogram by the total amount of its amino acids (the sum, S, of its 53 peak areas); the peak with the largest single area in the whole population was then removed from each sum S and the areas of each chromatogram were divided by the corresponding new sum; this procedure was repeated and 'I' was calculated each time until 'I' (as a function of the number of peaks used in the summation) reached its minimum value, "mjn The inverses of the means of each of the 53 peaks at '4min were then used as weighting constants for the corresponding peaks for calculating S, and the whole calculation was done again by removing the peaks one by one until the second minimum of 'I' was reached.
A third loop was then executed by using the inverses of the means at this second minimum as weighting constants.
The lowest value of 'I' was reached at the beginning of the second loop, with the 53 peaks weighted with the inverses of the means at the first minimum of 'I'. Figure 2 gives the result of the calculation.
The total population was divided into the groups shown in Table 1 discriminative pattern existed for a pair of groups. The two-tailed Wilcoxon test (5) of the null hypothesis that the two groups belonged to the same population was applied for each peak separately.
The Wilcoxon-test statistic was corrected for ties (6, 7) and was assumed to be asymptotically normal. A continuity correction of 0.5 and the first term of the Fix and Hodges correction (8) were used (6) . The computer compared the relevant pairs of groups, ordered the peaks for each of them in increasing value of their Wilcoxon probability values P, and plotted the cumulative distribution functions of P, as shown in Figure 3a, 3b 
Results
To investigate a possible influence of the menstrual cycle on the urinary amino-acid profiles of the women who did not use an oral contraceptive, we applied the Wilcoxon test to each peak of eight pairs of groups: six of these were formed by pairing the groups I to IV of Table 1 ; the seventh pair was formed with I + II and III + IV; and the eighth one with I + II + III and IV. None of these tests indicated any pattern difference; a typical result is given in Figure 3a . However, each of these four groups contains a relatively small number of subjects, which makes detection of a pattern difficult.
The tests with the pair of groups V and VI for the sex and with the pair VII and VIII for the influence of oral contraceptive both indicated pattern differences, as shown in Figure 3b and 3c, respectively. Tables 2 and 3 give a list of the most significant peaks for the sex test and the birth-control-pill test, respectively. In the second column of these tables the ratio of the mean values for the groups are given. These mean values are unrelated to the Wilcoxon test, which is a nonparametric test. The last columns of these tables quantify the departure of the cumulative distribution function from the diagonal, as illustrated in Figure 3b and 3c. We see that about 15 peaks are strongly sex correlated and about 11 are strongly correlated with the use of birth-control pills. In order to 
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a Peak 51 is a combination of 2 peaks, the larger one being arginine. separate the peaks related to group differences from those expected randomly with low P value, we chose the maximum allowed P value to be Pm = 0.005.
Under the null hypothesis we then expect only 53 X 0.005 = 0.27 peak to fulfill this condition. Tables 2  and 3 show that, in our experiment, 11 peaks in the sex test and three peaks in the birth-control-pill test have P values of <0.005; these peaks were used in the further calculations.
To evaluate the diagnostic power (2) of the observed differences between groups, as indicated by the Wilcoxon test, we first defined an average profile for each group by creating a chromatogram with the means of each peak for the group. We then compared each member of both groups with these two profiles. To avoid any bias, we removed each person from the group he belonged to when calculating the average profile to which he would be compared.
We define the degree of dissimilarity of a person to a profile by forming a linear combination of the weighted differences between the area of the significant peaks of the person in question and the corresponding area of the profile.
This degree of dissimilarity, introduced as the Canberra metric (9) and also called the weighted noncorrelation index, WNI, (1) , is defined as:
A is the area of the ith peak of the subject being studied, X is the corresponding area of the average profile X, and R, is a weight factor. The summation was extended to the s peaks used for the calculation, i.e., 11 peaks for the sex test and 3 for the birth-control-pill test. The weight factors R in our calculation were taken to be s for the most significant peak, s -1 for the second most significant, and so on. The diagnostic value of these patterns was then evaluated as we have described previously (2) . The difference of the degrees of dissimilarity of a chromatogram to the two average profiles X and Y, = WNI(X) -WNI(Y), indicates to which group the subject should be assigned.
If we look at the density The two distributions would show no overlap in the ideal case of a perfect diagnostic. That is not the case in Figure 4 ; but we can determine the value of * that gives the optimum diagnostic by varying the position of the group-separation point along the axis. The assignment errors in both groups are calculated for each position and the diagnostic-power diagrams of Figure 5a and 5b are generated.
These the birth-control-pill test the diagnostic power probably would have been better had a larger number of subjects been available for that test and had an independent method of checking birth-control-pill intake been available.
DIscussIon
We did not determine the absolute amounts of urinary amino acids excreted per day, or per day and kilogram body weight, as had been done by Liappis (10) . Instead, after a computerized normalization of the entire population, we have looked for pattern differences between groups, taking into account as many substances as possible. The list of the identified sex-related amino acids reported in ref. 10 and in this work is given in Table 4 . A direct comparison of these results is difficult because of the great differences in the analytical resolution, in the sampling procedures, and in the homogeneity (age, diet control) of the populations involved. Expressed per day and kilogram body weight, the results of Liappis (10) indicate that only the excretion of glycine is significantly different, namely lower for the male group and for the female group using birth-control pills as compared to the female group not using birth-control pills.
For the birth-control-pill test, Liappis reports a significant difference in the excretion of glycine, lower for the women using an oral contraceptive. Our study indicates the same trend for this amino acid.
This study confirms that the urinary amino acid profiles are strongly sex dependent, and it evaluates the diagnostic power of the sex-related differences. This sex dependence must be taken into account in every study with humans, when using the present method. We have also discovered and evaluated a urinary amino acid pattern related to the use of oral contraceptives. 1 A detailed description of the calculation system will be submitted to Analytical Chemistry.
